spin-orbit-split Ti-K α -emission obtained from a bulk Ti-target (wire, see below) with a Si-(311) crystal spectrometer. With a single 20mJ laser pulse and optimum focusing (see below) we obtain 3x10 8 K α -photons per pulse from the thin film targets and up to 10 9 photons/pulse from a bulk target. Similar efficiency ratios between thin-film and bulk targets have been also observed for other materials (Cu). For the timeresolved diffraction set-up we do not use flat targets, but have constructed a wire-target. A 250µm thick Ti-wire is moved with high precision and at constant velocity through the focus of the laser. This target design is very compact which simplifies shielding issues and allows virtually infinite measurement times. At 10Hz repetition rate and a wire velocity of 200µm/pulse a 500m wire role will stand nearly 70h! In the following we discuss experiments aimed to optimize our source for time-resolved diffraction experiments. As has been described above, characteristic K α -radiation is produced by fast, laseraccelerated electrons. The efficiency of K α -production depends on the energy of the electrons and is therefore, strongly influenced by the parameters of the laser-generated plasma. In this context it is common experience in many laboratories [4] and also supported by theoretical calculations [5] that for given laser and material parameters the highest possible laser intensities not necessarily lead to the highest K α -yield. This is demonstrated by Fig. 2 , which shows the K α -yield at 4.51 keV (dots) as a function of the position of the focusing lens (f=150mm) relative to the Ti-target.
The K α -signal has been normalized to the yield with the Ti-target exactly in the focal plane of the lens. The highest yield is obtained 0.5mm away from focus, which corresponds to approximately two times the Rayleigh length. At the same time the background signal detected by the CCD (squares; arbitrarily normalized to fit into the plot window of Fig. 2 ) due to hard x-rays is significantly reduced. Therefore, optimizing the focusing conditions does not only increase the K α -flux, but allows at the same time improvement of the signal-to-noise ratio.
Another way to tailor the plasma properties is the use of a double-pulse excitation scheme which separates the steps of plasma-and X-ray generation. A first, relatively weak pulse is used solely for plasma generation. After a certain delay the main pulse interacts then with the pre-formed plasma and generates the fast electrons required for K α -production. , which produces the K α -radiation. In nearly perfect agreement with results obtained at a Si-K α -source at 1.8keV [6] , we achieve an enhancement of almost an order of magnitude at a delay time of a few ps.
It should be kept in mind that the K α -radiation from such laser-generated plasmas is emitted incoherently into 4π solid angle. Therefore, efficient use of the produced x-rays in an optical pump, x-ray probe experiment requires focusing of the x-rays onto the surface of the sample under investigation with a spot size comparable or smaller than the area excited by the optical pump. In our set-up we use a toroidally bent Si-crystal with 311-surface orientation as a focusing x-ray mirror. As has been discussed in detail in reference 7, monochromatic point-to-point imaging of the plasma-source can be achieved in this way. The left part of Fig. 4 displays the experimental geometry. For a given crystallographic orientation of the mirror the horizontal and vertical bending radii are determined by the imaging geometry on the Rowland circle and the requirement that the Bragg-condition has to be fulfilled for the chosen wavelength. In the upper right part of Fig. 4 the result of such a focusing experiment with our Ti-K α -source is shown. It displays the distribution of the focused K α -radiation as detected with our x-ray CCD (pixel size 27µm). The spot is nearly circular and exhibits a FWHM of approximately 85µm, as demonstrated by the horizontal cross section shown in the upper right. Typically the focus contains 10.000-20.000 detected K α -photons per pulse.
In the diffraction experiments the sample under investigation will be placed exactly at the image point (under the appropriate Bragg-angle). An example is shown in the lower left of Fig. 4 . It represents the diffraction pattern of a 390nm (111)-oriented Ge-film grown on a (111)-Si-substrate by surfactantmediated heteroepitaxy [8] . vertically), such diffraction patterns are directly obtained from a single CCD-image without any angle scanning of the sample. Therefore, even with small exposure times (in this case 1min) complete rocking curves can be measured with high signal-to-noise ratio.
In conclusion, we have built and characterized a set-up for ultrafast time-resolved x-ray diffraction experiments which is based on a short-pulse 4.51keV Ti K α femtosecond laser-plasma driven hard x-ray source. Time resolved experiment to study ultrafast lattice dynamics in laser-excited materials are on the way.
